A b s t r a c t Objective: Charting systems with decision support have been developed to assist with medication charting, but many of the features of these programs are not properly used in their clinical application. An analysis of medication error reports at LDS Hospital revealed the occurrence of errors that should have been detected and prevented by decision support features if real-time entry at the bedside had taken place. The aim of this study was to increase the real-time bedside charting behavior of nurses.
Medication administration and charting may occupy up to 33% of nursing time in the hospital setting. 1 The medication and charting aspect of nursing practice have been greatly affected by advances in medicine and technology. New drugs, new devices for administration, and computerized systems for documenting the medication administration process present an ever-changing reality for nurses. Improving patient safety through the use of information technology has long been a goal of clinical information systems. 2 One aspect of information technology, computerized charting programs to assist with the medication administration process, has proven to be effective in reducing medication errors. 1 While information technology has become an important factor in the improvement of patient safety, there is still a great deal to be learned about which technologies and methodologies will be most effective in improving patient safety. 3 An aspect that should not be overlooked is monitoring the technology after the initial implementation. Much effort goes into implementing new programs and products without subsequent and continued assessment of whether they are being used as originally anticipated.
Recent studies reveal that medication administration errors account for from 19% to 28% of medication errors in hospitalized patients. [4] [5] [6] [7] [8] [9] [10] While failure to comply with procedure has been a factor in medication administration error, 8 failure to properly use the information system, or to ignore alerts or warnings, have also resulted in preventable errors. 2, 11, 12 Nurses may not follow system instructions, may fail to maintain equipment, may intentionally misuse equipment, and may bypass required training. Discrepancies between anticipated system use and actual use can result in preventable system errors. 11 Although much has been written about how information technology can help reduce medication errors, [10] [11] [12] [13] [14] [15] [16] little has been written about how information technology relates to errors in nursing medication charting systems. 11, 17, 18 Detection and prevention of medication errors require investigating their causes 13 ; looking at the way a system is used or not used is a first step in understanding.
During a quality improvement process at LDS Hospital, it became apparent that many medication errors that were occurring were those that the computer system was designed to prevent. Further, it was determined that workflow processes did not support the original system design because nurses bypassed many of the built-in alerts and warnings. A further study addressed whether educational intervention and monitoring could change the charting practices of nurses. The study examined medication charting by nurses using a computerized medication charting program and sought to determine whether educational intervention and charting performance feedback could influence real-time charting at the bedside.
Background
The HELP (Health Evaluation through Logical Processing) hospital information system at LDS Hospital has been in operation since 1977. 19, 20 Although HELP handles financial and administrative functions, it is best known for its clinical applications. In its clinical role, the system has become an integral part of the patient care process and is used by a wide variety of clinicians (physicians, nurses, respiratory and physical therapists) for clinical data entry and review. A distinguishing feature of the HELP system is its ability to provide clinical decision support, 20 such as the nursing medication charting module that has been in use since 1986 and was designed to provide alerts and reminders to assist nurses with the medication administration and charting process. The system was designed to encourage real-time (at the time of administration) charting at the bedside on terminals placed at the head of each patient's bed. The medication charting program is part of a fully integrated menu-driven clinical information system that documents all medications given. The medication charting data captured includes patient identifier, room number, terminal identifier, medication name, dose, route, time of administration, computer system time of charting, reason for early or late administration (if applicable), and the identification of the nurse giving the medication. Alerts such as early administration warning, late administration warning, missed medication warning, and drug order discontinued warning are examples of features designed to prevent errors. Medication administration data are also made available in the HELP system to optimize other patient care and decisionmaking applications. 19 The intended workflow for which the medication program was designed begins with the nurse reviewing the medication list from the terminal screen or printed worksheet at the beginning of the shift. Any questions or discrepancies regarding medications are to be clarified by reviewing the written physician order. At the time of administration, medications are removed from the medication cart at the medication station and taken to the patient bedside. Nurses then log onto the bedside terminal after which they are presented with the record for the patient assigned to that bed. The nurse retrieves the active medication profile ( Fig. 1) , selects from the profile the medications being administered, verifies medications to be given against those on the medication profile, checks patient armband identification, documents the administration time, and administers the medication. This workflow allows for the provision of any alerts or warnings before administration of the medication.
For purposes of this study, an entry was considered to be realtime if the time that the nurse chose to attach to the administration occurred within 1 minute of the computer system storage time for each medication. A medication charting event was considered to be a bedside entry if the terminal on which the charting occurred matched the terminal at the patient's bedside. The ability to study the timeliness and location of the charting episode in comparison to the administration episode is not feasible with manual methods of charting because manual charting captures only the administration time written by the nurse, and there is no way to determine when or where the charting actually occurred. Computerization of the medication administration process provides the data needed to study the medication charting process in greater detail.
The medication data captured in the HELP system are valuable sources of information for quality improvement studies. The Medication Error Team (MET) is a multidisciplinary group of clinicians led by the Quality Improvement Department. Its task is to improve medication error reporting, provide trending of medication errors, and facilitate process improvements to reduce medication error. An important assignment of the MET is the analysis of medication errors.
Much of the data available for this analysis come from the HELP system medication charting data and from medication event reports completed by nurses. Medication event reports are completed using a locally developed computer program available on the HELP system. The reports contain information about the event that occurred or had the potential to occur. The nursing staff is instructed to complete a medication event report for every administration error or ''near-miss'' event that they encounter. Efforts have been made toward educating the nursing staff that event reports are tools to improve patient care, to facilitate institutional learning, and to improve the medication processes.
The MET reviews medication event reports looking for areas for improvement of the entire medication administration process. The MET reviewed 829 medication event reports that occurred during the nine-month period between April and December 2000. These data were used for quality improvement purposes and were not published. From an analysis of these reports, it became evident that 240 or 29% of the errors seen were those that the HELP system medication module was designed to prevent. Errors such as early administration, late administration, missed doses, wrong drug, and administration after discontinuation should have been prevented if the HELP system had been used to chart the medication in real-time at the bedside.
Examples of Preventable Medication Errors
The following are examples of errors seen and a description of how the HELP system should have prevented them if realtime bedside charting had been carried out. As illustrated in Figure 2 , there were event reports describing medications being administered early, before the scheduled dose time, or, with prn (as needed) medications, being given before the next allowed time. The HELP system has a warning that alerts the documenting clinician that the dose is being given early. The early warning parameters will alert if a dose is documented 60 minutes before the next dose due time. The early dose warning is based on the documented administration time of the previously charted dose, or in the case of a first dose, the scheduled first dose start time. If the medication is charted for a time that is earlier than the due time, an alert warns the nurse that the administration is early and requires a reason be entered for the early administration.
There were event reports of late and/or missed doses. As shown in Figure 1 , the HELP system screen display lists medications in the order of the administration due time. The medication displayed on the top of the list should visually cue the nurse and indicate the sequence of administration. Charting a medication other than the one at the top of the display list should prompt the nurse that medications are being given out of sequence and might possibly be late. The charting program detects and provides a late warning, as shown in Figure  3 , if a medication is charted more than one hour after the scheduled due time and requires the nurse to enter a reason and update the next dose due time. Figure 4 shows how the charting program also detects and provides a missed medication warning for any medications that have not been documented before an end-of-shift report is generated, making discovery of errors of omission possible before the shift is over.
There were event reports of wrong medications being administered to patients. The HELP system medication charting program is available at bedside terminals in patient rooms. Through the admission/discharge/transfer program of the HELP system, patients are linked to the bedside terminal in the patients' room. When the nurse logs into a bedside terminal, the patient-identifying information for that patient is presented on the screen. If the medications are charted at the patient's bedside before they are administered, the nurse has the opportunity to be alerted to a possible wrong drug error since only medications for the patient registered to that bed appear on the patient's computer profile, making it very difficult to chart a medication that is not on the patient's active medication profile ( Fig. 1 ).
There were event reports describing medications being administered after the medication had been discontinued. The HELP system provides a visual display indicating, in reverse video highlight, that a medication has been discontinued and provides a pop-up warning, as Figure 5 shows, if the medications are charted after the medication has been discontinued.
Of the 829 event reports analyzed, we found that 240 or 29% of the medication errors could have been prevented by the HELP system alerts and warnings described if the medication charting had taken place at the bedside before administration. We then asked ''why did these preventable errors occur?'' Analysis of the preventable errors led to the discovery of workflow processes that subverted the intended safety features of the HELP system. Although charting medications in real-time (immediately before administration) at the bedside terminal was the workflow process taught to nurses when the charting program was first implemented (and is currently taught at new nurse orientation), it became clear that these workflow processes were not routinely followed. A convenience sample of 3,900 medication charting instances from throughout LDS Hospital took place between July 2001 and September 2001 and compared the nurseassigned time of medication administration to the computer system time of entry. The results revealed that only 52% of medications were documented in real-time (administration time within 1 minute of the computer system storage time).
Observations of the medication charting process revealed a discrepancy between the desired workflow for which the system was designed and the actual workflow. The observations were made by the investigator before the initiation of this study as part of three times weekly rounding done on nursing units while in the role of Clinical Information Systems Coordinator. Observations of the workflow process showed that nurses frequently charted medications at nursing station terminals remote from the bedside after the medications had been administered and frequently administered medications by referring to a printed medication work sheet (that was originally intended to be used only as a beginning-of-shift organizing tool) rather than using the active medication screen in real-time at the bedside terminal.
We then asked ''what could be done to influence charting practice so that it occurred nearer the time of medication administration and occurred at the bedside terminal?'' Clinical education was chosen as the key mechanism to promote change. Providing instruction on patient safety and its relationship to quality improvement may be beneficial to achieving the intended behavioral change. 21 Continuous Quality Improvement (CQI) theory teaches that the practitioners will use information and their own best intentions to improve their care processes. CQI methods involving performance feedback have been used successfully as an approach to quality management in medical domains. 22 A study was proposed to measure the medication charting practice and attempt, by providing educational intervention and performance feedback, to encourage real-time bedside medication charting.
Methods

Study Proposal
The objective of this study was to improve the study unit's charting practice through the use of educational intervention, performance monitoring, and feedback. The following steps were taken:
1. Collection of baseline data to determine the percentage of real-time and bedside medication administration on a study and control unit. The data collected included patient identifier, room number, terminal identifier, medication name, dose, route, time of administration, computer system time of charting, reason for early or late administration (if applicable), and nurse name.
2. An educational intervention on the study unit was initiated to increase the nurses' awareness of the benefits of computerized real-time bedside medication charting, effective use of the HELP computer system for medication charting, and general medication error detection and prevention strategies. 3. Collection of data on the percentage of real-time medication administration and bedside charting for a study and a control unit after the study unit educational intervention. 4. Monitoring and provision of weekly feedback on the study unit real-time and bedside charting performance. 5. Monitoring of the real-time and bedside charting rates for eight weeks after completing the intervention to determine whether charting behavior changes were maintained in the absence of additional feedback. 6. Monitoring of the real-time and bedside charting rates one-
year post-intervention to determine whether any improvements in real-time charting were sustained.
The findings reported here are based on these data collections, interventions, and analyses.
Study Site and Participants
The study took place at LDS Hospital, a 525-bed tertiary-care hospital. Two surgical nursing units were selected for the medication charting study. A 40-bed surgical unit caring for population of orthopedic, plastic surgery, ear-nose-throat, and general medical/surgical patients was selected as the intervention unit. A 40-bed surgical unit caring for a population of gynecology, urology, bone marrow, medical and surgical oncology, gastric bypass, and general surgery patients was selected as the control unit because it most closely matched the study unit in size and patient type. Both nursing units have similar nurse-patient ratios and nurse staffing patterns. The nursing units are similar in physical layout and terminal placement, with terminals available at each patient bedside, at the central nursing stations, and at each of two hallway substations. Medications are administered and documented by registered nurses and licensed practical nurses on both units. Medication technicians are not used in the facility. The study unit nurse manager agreed to the educational intervention plan and volunteered the unit for participation. The control unit was not made aware of the study and simply served as a passive control against which the effects of changes due to nonspecific factors taking place during the study period could be measured.
Preintervention Phase
The LDS Hospital Institutional Review Board approved the study in 2001. Medication charting data were collected daily on the intervention and control units for eight weeks beginning in October 2001. Real-time percentage charting rates were calculated for each day. For example, if there were 337 medication entries for a given day and 166 of those entries had a system time within 1 minute or less than the administration time, the real-time rate calculated for that day was 49%. The charting performance of individual nurses was known only to the investigator and was not used as part of the study; only the collective nursing team percentage rates were used, eliminating the need to identify individual nurses. The preintervention data served as the baseline with which comparisons were later made to determine the effect of the intervention. The manager on the intervention unit was aware of the baseline data collection, but the nursing staff members were not told of the study during the time that baseline charting rates were determined.
Intervention Phase
The intervention phase began January 15, 2002, with presentations to the nursing staff on the intervention unit during both the early morning and late afternoon sessions of their department staff meeting. The 30-minute presentations included a review of LDS Hospital nursing medication charting policies, information on error detection and prevention through the use of real-time bedside medication charting, and the decision support features of the HELP medication module. The discussion focused on the decision support features built into the HELP system to prevent errors and how, by subverting the intended process, preventable errors may be occurring. Examples of errors preventable through charting of medications at the bedside terminal in real-time were presented using screen shots from the HELP system and data from event reports that had actually occurred on the unit in 2001. The preventable errors discussed included early dose, late dose, missed dose, wrong medication, and medication given after discontinue order. The five ''rights'' of medication administration (right patient, right medication, right time, right dose, and right route) were discussed and renamed the ''six Rs'' by adding real-time to the list. The study unit real-time charting rate, determined from the data collected October and November 2001, was presented to the staff and was used as the baseline from which we measured change. The real-time charting rate for the preintervention phase was 59%. The goal set by the unit nurse manager and staff was to document 90% of the medications in real-time, and the monitoring of progress commenced the day after the staff meeting presentations.
The educational presentations were attended by 76% of the study unit nursing staff. Staff who did not attend either presentation were required to review and sign the staff meeting minutes. Copies of the PowerPoint presentation were included in the minutes as was a detailed description of the project. A large poster summarizing the presentation given in the staff meetings was also placed in the staff report room. Stickers with the slogans ''chart the med at the bed,'' ''real time all the time,'' and ''real time saves time'' were placed on terminals throughout the unit. A newsletter explaining the project was also sent to the homes of each staff member by the unit nurse manager the week after the study began.
To help the staff see progress toward the goal, the unit rates of real-time charting were posted each week. The weekly realtime charting rates were posted in the staff report room so as to be conspicuous, were posted at the same time and place each week, and included provision of doughnuts for all three shifts on the day of posting. A bar graph with the percentage rates of real-time charting was updated and included with each posting so the ongoing progress from the outset could be observed. The investigator made rounds each day to determine whether staff had any questions or comments about the project. The intervention phase of the study continued for 12 weeks, ending April 9, 2002. The intervention phase was originally planned for eight weeks, but results from the first six weeks showed a steady increase in the real-time charting rate and it was felt that an additional four weeks would give time to see whether the rate of real-time bedside charting had plateaued.
Postintervention Phase
The postintervention phase began on April 10, 2002, and ran for eight weeks. At the same time, the conspicuous monitoring, reporting, and discussion were discontinued. A poster summarizing the 12 weeks of progress toward the goal was presented to the nursing staff. The staff was thanked for its participation, and staff members were approached by the investigator and given the opportunity to offer comments on the study process. Data collection actually continued for another eight weeks to determine the level of continued compliance once the active intervention was withdrawn. In August 2002, the study unit staff were given a final debriefing on the entire project.
One-Year Follow-up Phase
For one week (February 25 to March 3, 2003) at the one-year anniversary of the intervention phase, categorically identical data were again collected using the same procedure on the intervention and control units to determine level of change in charting behavior over time.
Results
A total of 118,612 medication charting instances were included in the study; 55,080 of those were from the study unit and 63,532 were from the control unit (Table 1 ). While the original study was designed to look at the real-time charting rate, it became evident that we should also examine the rate at which the charting was actually being performed at the bedside terminal. While the ideal workflow was real time at the bedside, there were other workflows that fit the criteria originally set for real time but not actually occurring at the bedside. For example, it was possible to chart medications in real time remotely from the bedside by completing the charting process at a nonbedside terminal and then taking the medication to the patient room for administration. It was also possible to complete the charting process in real time after administration of the medication by accepting the computer system time as the documented administration time. While both of these behaviors would fit the criteria of realtime charting, both have the possibility of bypassing safety features and the possibility of wrong medication and/or wrong time. When charting occurs at the bedside terminal before administration, the likelihood of administering an incorrect medication is minimized since the medication does not appear on the patient's medication profile and the nurse is not able to continue the charting process.
Intervention Phase
The baseline real-time charting average observed for the eight-week period immediately before the beginning of the study was 59% for the intervention unit and 53% for the control unit (Fig. 6 ). During the 12-week intervention phase, the study unit real-time medication charting rate increased to 72% while the control unit rate was 59%. Table 1 presents the results for the confidence intervals, x 2 statistic, odds ratio, and corresponding confidence intervals for the study and control units compared to the baseline data. While differences in the proportion of change for both units were significant, the x 2 statistic was much larger on the study unit and the magnitude of the effect, as demonstrated by the odds ratio, was also stronger. Because of the large number, x 2 had power to detect small changes. The odds ratio was a way to express magnitude of association and provided an indicator of the likelihood of the difference in proportion being attributed to chance. 23 The real-time charting rates on the study unit show weeks one through three settling in the low 60% range. After week four, the rates stay above 70% and then peak at 81% during week six. The real-time charting rates for the study unit are shown for comparison in Figure 7 , and no rate is higher than 63%.
The baseline for bedside charting, calculated from the two months of preintervention data, was 40% for the study unit and 34% for the control unit. The bedside charting rate for the study unit increased to 63% during the intervention phase, while the control unit was 41% (Fig. 8 ).
The increase in real-time charting and bedside charting seen on the control unit could have been caused by ''contamination'' by float pool nurses who may have worked on both units. It was not possible to control the movement of staff who ''float'' to all units. When the rates for real-time charting were recalculated using only the study unit staff, the real-time rate increased by an average of only 3% for all phases. When the rates for real-time charting were recalculated using only the control unit staff, the rate increased by only 1% for all phases.
Postintervention Phase
The postintervention results showed that the real-time charting behavior was maintained 75% for the eight-week period immediately following the withdrawal of the monitoring and feedback intervention. The control unit average for realtime charting for the same time period was 57%. The bedside charting rate for the study unit increased from 63% to 66% during the eight-week postintervention phase while the control unit dropped from 41% to 39%.
One-Year Follow-up Phase
The data collected at the one-year anniversary of the intervention phase showed the study unit average for real-time charting at 75%, while the control unit average was 57%. The bedside charting rate for the study unit was 58%, while the control unit rate was 43%.
Discussion
In this study, we examined whether an educational intervention followed by 12 weeks of monitoring, feedback, and reminders influenced the charting behavior of nurses toward real-time and bedside charting. The results showed a statistically significant increase in both real-time charting and bedside charting on the study unit after the intervention was provided. While the x 2 test of association showed statistically significant changes for both the study unit and the control unit, these associations were much stronger for the study unit. The odds ratio for comparing the study unit to the control unit showed the magnitude of the effect to be much greater on the study unit than on the control unit.
While the nurses on the study unit were the target of the intervention, we did not control the movement of the float and prn staff, which could have led to contamination and could explain some of the behavior changes on the control unit. Contamination must be considered a possibility as the poster explaining the project was available in the report room on the study unit and the stickers reminding the staff to chart in real-time and at the bedside could have easily been seen by float and prn staff who might have worked on the study unit.
Although medication error data were the impetus for this study, a known limitation surrounding voluntary error reporting is the fact that the true error frequency is many times greater than that measured by voluntary reporting 15 and medication error rates are inherently difficult to determine accurately. 9 The numbers of error reports during the study period were not of sufficient number to provide the power needed to determine statistical significance, and therefore the relationship between the timeliness of medication charting and medication error rates was not able to be quantified by this study.
One of the most encouraging findings of the study was the data at the one-year follow-up. While it was expected that the real-time and bedside charting behavior of the nurses would improve during the intervention period with the continuous reminders, posting of data, and the general ''in-yourface'' presence, the expectation was that the behavior change might not be sustained during the eight-week postintervention phase and might drop off even more dramatically by the one-year anniversary. The finding that the study unit real-time charting rate and the bedside charting rate actually increased during the postintervention phase and remained above the preintervention baseline measure by the one-year anniversary of the study was encouraging.
A future study might evaluate which of the interventions provided the impetus for the behavior change; the educational intervention or the monitoring and performance feedback steps. Is it possible that the staff as a whole never fully understood the important safety features being subverted by not charting in real time at the bedside and only needed the educational intervention as impetus for the change, or was it also possible that the performance feedback was all that was needed to drive the behavior change? A study in which the interventions are provided separately may help to determine which of these interventions is more effective.
Computerized medication charting has the potential to increase the safety of the medication administration process by structuring actions and providing decision support feedback to clinicians at the point of care; however, careful attention must be paid to the actual use of these systems to obtain the maximum intended benefit in the clinical environment.
Nurses can be instrumental in implementing changes to improve patient safety. Targeted interventions can yield improvements. This study demonstrates that educational interventions along with performance monitoring and feedback can have an impact on real-time and bedside medication charting.
